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Introduction 
The extraspecific transfer of genes into cultivated plants is of 
considerable interest both in basic and applied terms (Sears, 1956; 
Riley and Kimber 1966). The wild grass Aegilops ventricosa has been 
recognised for almost 30 years as an important potential donor of ge-
nes that determine characters of agronomic interest. More specifica-
lly, Sprague (1936) discovered in this species a high level of resis-
tance to the fungus Pseudocercosporel1 a herpotrichoides, which causes 
eyespot disease. This disease is responsible for considerable lod-
ging and reductions of yield in extensive áreas of wheat cultivation. 
The level of resistance of wheat cultivars is too low, even among the 
less susceptible ones (Capelle Desprez and Cerco) and no single genes 
for resistance had been described in any species. Attemps to trans-
fer resistance from Ae.ventricosa to wheat had been only partially 
successful. The purpose of this paper is to review work carried out 
in our laboratory for the past 12 years on the transfer of genes 
between these two species. This work has led to the recent demonstre^ 
tion of a major dominant gene for resistance, which confers a high 
level of resistance to cultivated wheat. 
Transfer scheme 
The breeding scheme used in the transfer is represented in Fig.l. 
Triticum turgidum H-l-1 (genomes AABB), used as the "bridge" species, 
was crossed with the donor (Ae.ventricosa, DVDVMVMV) and the resulting 
hybrid, which was male sterile, was rescued with polen from the reci-
pient species (T.aestivum, AABBDD). Seeds obtained from these crosses 
were selfed repeatedly until a wide range of stable morphological ty-
pes had been obtained (Delibes and García-Olmedo, 1973; Delibes, San-
chez-Monge and García-Olmedo, 1977). After stability had been achie-
ved, somatic chromosome numbers were counted in the root tips of ger-
minating seeds, stained by the Feulgen procedure. Most of the 
lines had the euploid number of chromosomes (2n = 42) at that stage. 
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Figure 1. Breeding scheme 
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 0v Transfer of genes encoding biochemical markers of genomes D and M 
from Aegilops ventricosa 
Stable lines (H-93-1 to H-93-70), obtained as indicated, were 
used to investígate the transfer of a variety of markers (Delibes, 
Sanchez-Monge and García-Olmedo, 1977). Possible chromosomal loca-
tions in the genitors of the H-93- lines of the different types of 
genetic markers are represented in Fig.2: a) represents a genetic 
variant that is present in the A, B, or D genomes of only one of the 
genitors; b) idem, except that the marker is also present in the Mv 
genome; c) represents a locus which is occupied by the same alíele 
in the A, B, or D genomes of two genitors; d) idem, except that the 
marker is also associated with the Mv genome; e) represents a marker 
tiíat is present in more than one genitor, but in non homologous loci; 
and f) is a genetic marker that is only associated with the Mv genome 
of Ae.ventricosa. 
If eggcells from the ABDM hybrid carried the complete A, B, and 
D genomes, and only homologous transfers would nave taken place, the 
expected frequencies of the different markers in the H-93 lines (42 
chromosomes) would be as follows: 50% for types a and b, 100% for 
types c and d, 75% for type e, and 0% for type f. 
The presence of a type f marker in a line would unequivocally in-
dicate genetic transfer from the Mv genome. Absence of a type c or d 
marker from a line could be due to deletion, to incomplete homology 
between D genome chromosomes in Ae.ventricosa and T.aestivum, or to 
genetic transfer from the Mv genome. Markers of types a, b or e can 
be useful in the characterization of the genetic marker up of a parti_ 
cular line, but deviations from the expected frequencies are meanin-
gless in our case because lines H-93-1 through -70 do not represent 
an unbiased sample of the progeny. 
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Figure 2. Types of biochemical markers used in this study 
Thirteen biochemical systems, each representing a set of chemica-
lly or genetically related markers, were investigated. Their distri-
bution in the H-93 lines and in the parental material is summarized 
in Table 1. 
Biochemical markers controlled by the A or B genomes of one or 
both the wheat parents (types a, c, and d) are distributed in the 
H-93 lines as expected if the eggcells from the self-sterile ABDVMV 
hybrid, rescued by the ABD polen, carried the complete A and B qeno-
mes from T.turgidum. However, the distrlbution of D genome markers 
is only compatible with the presence of most of the Dv genome in most 
of the eggcells from the ABDVMV hybrid: three out of eight markers 
TABLE 1. DistribuLion, type and genome assignment of biochemical markers 
Biochemical 
system 
CM Proteins 
NGE Proteins, 
16, 17, 17v 
NGE Proteins, 
5,6-7,14-15 
NGE Proteins, 1 
NGE Proteins,11 
U Proteins 
Purothionins 
GHadins 
Athins 
Sterol esters 
Alkaline 
phosphatase 
Peroxidase 
Marker 
symbol 
CM1 
CM2 
NGE-16 
NGE-17 
NGE-17v 
NGE-5 
NGE-6-7 
NGE-14-15 
NGE-1 
NGE-11 
U-l 
U-2 
U-3 
a 
0 
Gl-1 
Gl-2 
GL-3 
Ath-1-2 
PL 
Aph-1-2 
Aph-3 
Aph-5-6 
Px-a 
Px-m 
Px-d 
Dist 
ABD 
+ 
+ 
+ 
+ 
+ 
+ 
•f 
• 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
ributior 
AB 
• 
+ 
+ 
+ 
-
-
+ 
-
+ 
• 
D 
+ 
+ 
+ 
+ 
• 
+ 
-
+ 
+ 
+ 
'-
i in 
M*D 
• 
+ 
+ 
• 
+ 
• 
+ 
• 
+ 
+ 
genitors* 
M 
• 
• 
+ 
MU 
• 
+ 
+ 
(+) M 
-
• 
+ 
+ 
-
+ 
+ 
+ 
Marker 
type** 
d 
c 
c 
a 
f 
c 
c 
c 
c 
c 
f 
a 
f 
c 
c 
a 
c 
a 
a 
d 
d 
f 
c 
f 
c 
Genome 
assignment 
D & M 
AB 
AB 
D aest. 
MV 
D 
AB 
AB 
D 
D 
MV 
AB aest. 
MV 
B & D 
A 
AB turg. 
D 
ABD aest. 
ABD aest. 
D & M 
AB & M 
MV 
D & M 
D 
MV 
AB 
Frequency 
(X) 1n 
H-93-
lines 
93 
100 
100 
69 
31 
98.5 
100 
100 
100 
98.5 
4 
59 
0 
a/e 2:1 
100 X 
32 
75 
40 
72 
100 
100 
3 
100 
100 
0 
100 
Esterase Es-dv . . • + - -
 a D aest. 33 
* ABD, T.aestivum, H-10-15; AB, T.turgidum, H-l-1; DMV, Ae.ventricosa; 
D, Ae.squarrosa; M, Ae.comosa; Mu, Ae.uniarjstata 
** See Flg. 2 
of the c or d type were present in the H-93 lines with frequencies 
cióse to but lower than the expected 100%, indicating incomplete ho-
mology between the two D genomes, non-homo Iogous transfer, or dele-
tion. 
Biochemical characters present in Ae.ventricosa (DVMV), Ae.comosa 
(M), and Ae.uniaristata (M u), and absent in T.aestivum (ADB), Ae.squa 
rrosa (Dj and T.turgidum (AB) were selected as Mv genome markers. Two 
of these markers were not transmitted to the H-93 lines, two were 
transmitted with low frequency and one with high frequency. The la-
tter is NGE-17v, a marker which appears alternating with protein NGE-
17, which is controlled by chromosome 4D in T.aestivum cv. Chinese 
Spring. This means either that the gene(s) for NGE-17v must have 
been located in the Dv genome of Ae.ventricosa prior to the performan_ 
ce of the hybridization under study, or, less probably, that the 
transfer took place during the meiosis of the ABDVMV hybrid. 
It should be pointed out that in a sepárate study of wheat-Aegi-
lops addition lines, in which a different accession of Ae.ventricosa 
was used, markers NGE-17v and Aph-3 (equivalent to Aphv-a, -b) were 
associated with the same Mv chromosome (Delibes et al. 1981), 
Resistance to Erysiphe graminis was determined by Doussinault at 
Rennes (France) and was found to be transmitted with low frequency. 
Furthermore, the three resistant lines are among the four lines 
carrying Mv genome markers (Fig. 3). 
Meiotic studies 
In order to further characterize the form of integration of the 
alien material in the H-93 lines, meiosis was studied in the foUowing 
stocks: lines H-93-1, -8, -33, and -35, which carry Mv genome markers; 
lines H-93-10 and -51, which lack marker CMl; hybrids between all these 
lines and the T.aestivum H-10-15 genitor (Delibes, Sanchez-Monge and 
García-Olmedo, 1977). Also included in the study was line H-93-5 and 
its hybrid, which was not suspected of carrying non homologous trans-
fers but was the line with the highest protein content. Meiotic obser 
vations are summarized in Table 2. Meiosis of all lines, except H-93-
33, was rather regular and only the number of open bivalents was signi_ 
ficantly higher than in the H-10-15 wheat. Line H-93-33 was signifi-
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Figure 3. Susceptibility of H-93 lines to Erysiphe graminis 
cantly more irregular than H-10-15 at the three meiotic phases studied. 
Meiosis of the hybrids involving the selected lines were significantly 
more irregular (2-4 univalents) than those of the corresponding geni-
tors, except in the case of H-93-5 x H-10-15, which was quite regular. 
The distribution of biochemical markers and the máximum number of 
chromosomes from the Mv genome in the selected lines are registered in 
Table 3. The latter is deduced from the number of univalents at MI 
observed in the hybrid and represent an overestimation for two reasons: 
i) because it has been repeatedly observed that there is incomplete 
homology between the D genomes of T.aestivum and Ae.ventricosa, and 
ii) because the transfer of a terminal segment of a chromosome from 
the Mv genome to a wheat chromosome would suffice to drastically reduce 
its meiotic pairing with the original wheat chromosome. It can be 
concluded, from the joint consideration of the biochemical and the 
cytological data, that the genetic transfer from the Mv genome of 
Ae.ventricosa to hexaploid wheat has taken place not only by chromosome 
substitution but also by recombination. In other words, lines carrying, 
at most, one whole Mv genome chromosome also carry two independently 
inherited Mv genome markers. 
TABLE 2. Meiosis of select H-93- l ines and the i r hybrids wi th T.agstivum 
(H-
Material 
10-15 
93-1 
93-1x10-15 
93-5 
93-5x10-15 
93-8 
93-8x10-15 
93-35 
93-35x10-15 
93-10 
93-10x10-15 
93-33 
93-33x10-15 
93-51 
(93-51x10-15 
10-15) 
Metaphase I 
Univs/cell 
0.04±0.04 
(0-2) 
0.28±0.10 
(0-2) 
2.92±0.27 
(0-8) 
0.00 
0.42+0.09 
(0-4) 
0.28±0.10 
(0-2) 
4.32+0.19 
(2-8) 
0.00 
2.56±0.22 
(0-8) 
0.56±0.15 
CO-4) 
1.86±0.15 
(0-5) 
1.00±0.18 
(0-4) 
3.7410.21 
(2-8) 
0.00 
1.6 ±0.18 
(0-4) 
Open bivs/cell 
2.52±0.25 
(0-7) 
4.28±0.31 
(1-9) 
5.82±0.40 
(1-14) 
2.70±0.54 
(0-6) 
5.14±0.38 
(0-12) 
5.60+0.35 
(1-11) 
4.12±0.29 
(0-9) 
4.64±0.33 
(1-12) 
4.12±0.32 
(0-10) 
3.46±0.32 
(0-9) 
4.40±0.30 
10-10) 
4.98+0.31 
(0-12) 
6.17±0.33 
(0-11) 
2.72±0.28 
(0-8) 
3.32±0.27 
(0-8) 
Anaphase I 
laggards/cell 
0.16*0.10 
(0-4) 
0.14±0.C6 
(0-2) 
1.70±0.30 
(0-8) 
0.39±0.07 
(0-4) 
0.58±0.09 
(0-4) 
0.20±0.11 
(0-4) 
2.98±0.27 
(0-8) 
0.10±0.06 
(0-2) 
1.10±0.17 
(0-4) 
0.32±0.08 
(0-5) 
2.19+0.15 
(0-6) 
0.59+0.09 
(0-5) 
2.90+0.17 
(0-8) . 
0.26±0.07 
(0-4) 
1.8 +0.12 
(0-6) 
V 
n 
Micronuclei 
0.01*0.01 
(0-1) 
0.02±0.01 
(0-1) 
0.58±0.08 
(0-4) 
0.55+0.08 
(0-4) 
0.43+0.13 
(0-8) 
0.01±0.01 
(0-1) 
1.01+0.09 
(0-3) 
0.04±0.02 
(0-2) 
0.94+0.07 
(0-3) 
0.11+0.04 
(0-3) 
0.78±0.08 
(0-3) 
0.12±0.03 
(0-2) 
0.69+0.07 
(0-3) 
0.02±0.01 
(0-1) 
0.54+0.06 
(0-2) 
* One ce l l wi th one t r i va len t was observed in H-93-10 x H-10-15 and one 
cell with one quadrivalent in H-93-5 x H-10-15. No associat ions abov< 
bivalent was othei-wise observed. 
TABLE 3. Oistribution of genetic markers and máximum number of chromosomes 
v from the M genome in selected H-93 Unes 
Genomes 
Hv 
Dv/Da 
Dv 
0A 
Markers 
Aph-3 
U-l 
Pm* 
NGE-3 y 
NG-11 
NGE-17v 
Es-dv 
NGE-17 
Ath-1 y 
Máximum number of 
Mv chromosomes 
* resistance to E 
-4 
-2 
.grami 
1 
+ 
+ 
-
-
-
+ 
+ 
-
-
1 
nis 
8 
-
+ 
+ 
-
+ 
+ 
+ 
-
+ 
2 
Lines H-93-
10 33 
+ 
- . 
+ 
+ 
+ + 
+ + 
+ 
-
-
1 2 
35 
-
+ 
+ 
+ 
+ 
-
-
+ 
+ 
1 
51 
-
-
-
-
+ 
+ 
-
-
-
1 
Transfer of resistance to Pseudocercosporella herpotrichoides 
Resistance of the H-93 lines to the eyespot disease was tested 
both at the seedling and at the adult stage (Delibes et al., 1977). A 
high proportion of the lines did not differ significantly from Aegi-
lops ventricosa in their level of resistance. These results stronqly 
suggested that a single mendelian factor was involved in the transfer 
of resistance (Delibes et al., 1977). In order to test this hypothe-
sis, line H-93-70 was selected because of its good performance, both 
as seedling and as adult plant (Doussinault et al., 1983). Reciprocal 
crosses (F, and F^ generations) and backcrosses were obtained between 
this line and the recipient T.aestivum cv. Almatense H-10-15 (here-
after designated H-10-15)and tested for resistance at the seedling 
stage. Two types of observations were made: a quantitative one, the 
number of leaf sheaths affected per plant, and a qual i ta t ive one, the 
type of mycelium. The pathogen, which is re la t ive ly nonspecific, pro 
duces two types of mycelium, depending on the host: on susceptible 
plants, the mycelium is abundant between the leaf sheaths, and is co-
loured black (m type); on resistant plants with Ae.ventricosa cyto-
plasm the mycelium is spotted anddark-brown (v type). Leaf sheaths 
of resistant plants are invaded more slowly than those of susceptible 
ones and often they are not invaded beyond the f i r s t leaf , so that no 
stroma can be observed. Sometimes the d is t inc t ion between the two 
types of mycelium is not clear-cut. 
Tablc 4. lnheriUinr.o of rcsistancr: to cyespot cü soaso in c r o l e s of ' i i i e 
H-93-70 with cv. Alnut^nse H-10-35 
Sanmk 
H-93-70 
H-10-15 
Fj H-93-70 x H-10-15 
Phcncíypes' 
K 
Fj 11-10-15 x H-93-70 P. 
F2 H-93-70 x H-1C-15 . 3R:2S 
F2 H-10-15 x H-93-/0 3R:1S 
Baekcrosr. (H-93-70 x H-10-15) x H-10-15 IR: IS 
Backcross (H-^3-70 x H-10-15) x H-93-70 R 
Backcross (H-1C-1S x H-93-70) x H-10-15 1R: 1S 
Backcross (11-10-15 x H-93-70) x H-93-70 R 
* Plants v/oro cu ' i rs i f iod into resistant (H, tv/c or I rss "ie?f sheaths 
penctrntcri) and susceptible (S, threo to fiy<? leaf shc?ths nenc-tr¿-
i r d ) . The obsnrvrd <cgrrgetions did not di f Fcr s iqn i f i-;antly fren 
those cxppctcd for a single deninant (jr-ne (x2. << x ' ^ f - 1 P-0 0 r = ^-S'1)-
Table 4 summarizes the results of these tests. In our experimen-
tal conditions, cióse to 90% of the H-93-70 plants tested had two or 
less leaf sheaths infected, whereas a similar proportion of plants 
from H-10-15 had from three to five leaf sheaths infected. Both the 
pattern of segregation and the average number of leaf sheaths penetra_ 
ted in Fj, F2 and backcross generations indicated that resistance was 
inherited as though determined by a single mendelian factor (Pchl), 
which showed almost complete dominance. 
In Fj, ?2 anc* backcross generations, the proportion of plants with 
black mycelia (m type) was greater when the cytoplasmic genetic deter-
minants (mitochondrial and chloroplast genomes), which are maternally 
inherited, were contributed by T.aestivum cv. Almatense H-10-15 than 
when the source was H-93-70, whose mitochondrial and chloroplast geno-
mes were donated by T.turgidum H-l-1, the bridge species used as a fe-
male in the transfer scheme (Fig. 4). The proportions of mycelium ty-
pes seem to be more variable in response to environmental conditions, 
or in relation to plant vigour, when the Pchl gene is expressed in the 
H-10-15 cytoplasmic genetic background. This effect is less conspi-
cuous when resistance is assessed by the number of leaves penetrated. 
Type of Mycelium 
© ® <© 0 © ® 
Fj R x S - -
?l S x R — 
F2 R x S 
F2 S x R 
F 4-
BC R x S x S--- BC R x S x R — -
BC 5 x R x S BC S x R x R 
CYTOPLASM R T.turgidum - - -
CYTOPLASM S T.aestivum 
Tiguro 4. Cffect of cytoplnsm on type of mycelium observed in Fj, F2. 
and backcrosses. T.turgidum H-l-1 and T.aestivum cv. Alma-
tense H-10-15. 
To investígate whether the Pchl gene in H-93-70 was integrated in 
a enromosome capable of pairing and recombination with wheat chromoso 
mes, meiosis of the hybrid H-93-70 x H-10-15 was studied and was found 
to be quite regular: 20.70±0.02 bivalents at metaphase I in the hy-
brid, versus 20.82+0.05 bivalents in H-93-70 and 20.98t0.02 bivalents 
in H-10-15 (at least 5 plants and 50 cells were analysed in each case; 
differences between the hybrid and the progenitors were not signifi-
cant). These observations exelude the presence 1n H-93-70 of whole 
chromosomes or large chromosomal segments non-homologous to wheat 
chromosomes and indícate that the Pchl gene can be introduced by recom 
bination into other wheats. 
It is not possible to discrimínate whether the Pchl gene has been 
transferred from the My_ or Dy_ genomes of Ae.ventricosa because, al-
though resistance was transferred with the high frequency expected of 
a Dy_ gene, we have already shown that, as in the case of marker NGE-
17v, recombination between the Dy_ and My_ chromosomes might have taken 
place either during or before the transfer. 
The higher level of resistance attained in the present case, as 
compared with previous attempts, can be explained in terms of the 
monogenic nature of the resistance and of the nature of the genetic 
background, nuclear as well as cytoplasmic, into which the transfer 
was made: T.aestivum cv. Almatense H-10-15 is almost as tolerant as 
cv. Capelle Desprez, and T.turgidum H-l-1, the cytoplasm donor, is 
even more resistant. 
Although, line H-93-70 should be immediately useful in converting 
susceptible wheat cultivars to this major disease into resistant ones, 
further studies are under way concerning the mode of integration and 
location of the Pchl gene. 
Summary * " . 
A method of genetic transfer from Ae.ventricosa into hexaploid 
wheat has been investigated uslng biochemical markers. The method 
involves the rescue of the sterile hybrid [T.turgidum (AD) x Ae.ven-
tricosa (DVMV)] with polen from T.aestivum (ABDJ. After repcated 
selfing, Unes with 42-chromosomes were selected. 
Seventy F £ Q Unes (H-93-1 through 70) derived as described were 
analysed for 13 biochemical systems, each representing a set of up to 
4 homoeologous loci. Markers of D genome chromosomes from Ae.ventri-
cosa were transferred at the high frequencies expected for homologous 
recombination. Biochemical characters present in Ae.ventricosa (DVMV), 
Ae.comosa (Mj, and Ae.uniaristata (M u), but absent in T.aestivum (ABD), 
Ae.squarrosa (D) and T.turqidum (AB) were selected as putative Mv ge-
nome markers. These markers were transmitted with a low frequency 
(0-4%), with the exception of a protein marker (NGE17v) that we trans-
mitted at high frequency (31%), indicating prior transfer from the Mv 
to the Dv genome in Ae.ventricosa. Meiosis was studied in lines carry_ 
ing Mv genome markers and in their hybrids with the T.aestivum parent 
and evidence was found that both whole chromosome substitutions and 
homoeologous recombination had taken place. 
This method of gene transfer has allowed the introduction into 
wheat of alien characters of agronomic importance, such as resistance 
to Erysiphe graminis and to Pseudocercosporella herpotrichoides. The 
latter case is an important breakthrough as no intraspecific source 
of resistance is available against this fungus, which causes eyespot 
disease in wheat. 
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